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1
STIMULUS GENERATION

CROSS-REFERENCE TO RELATED
APPLICATION

The subject application is related to co-pending U.S.
patent application Ser. No. 10/107,628 , entitled “Compact-

ing Circuit Responses,” filed Mar. 27, 2002, and assigned to
the Assignee of the subject application.

FIELD

This disclosure relates to the field of stimulus generation.

BACKGROUND

In one conventional 1ntegrated circuit test technique, the
integrated circuit includes built-in scan chains for testing.
During testing of the integrated circuit, each scan chain
receives, via a respective input terminal of the integrated
circuit, test inputs from an external test input generator, and
generates test outputs 1 response to these mputs. The test
outputs generated by the scan chains are supplied, via
respective output terminals of the mtegrated circuit, to an
external test analyzer. The test analyzer compares the test
outputs that 1t receives to expected outputs to determine
therefrom whether the integrated circuit 1s operating prop-
erly.

The cost of testing integrated circuits using this conven-
tional technique typically 1s related to factors such as the
time ivolved in carrying out the test and test complexity.
Typically, these factors may be related to other factors, such
as, the volume of test inputs supplied to the integrated circuit
by the test input generator, the volume of test outputs
analyzed by the test analyzer, and the cost of the test input
generator and the test analyzer. By increasing the number of
input and output terminals via which such inputs and outputs
are propagated to and from, respectively, the integrated
circuit, the time involved 1n carrying out such testing may be
reduced, at least to some extent. However, increasing the
number of input and output terminals may result in increas-
ing the itegrated circuit’s packaging size and manufactur-
ing cost.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of embodiments of the claimed
subject matter will become apparent as the following
Detailed Description proceeds, and upon reference to the
Drawings, wherein like numerals depict like parts, and 1n

which:

FIG. 1 1s a diagram 1llustrating a system embodiment.

FIG. 2 1s a diagram 1illustrating stimulus generator cir-
cuitry according to one embodiment.

FIG. 3 illustrates a matrix that may be used to represent
the circuitry of FIG. 2.

FI1G. 4 1s a flowchart illustrating operations, according to
an embodiment, that may be carried out 1n the system of

FIG. 1.

Although the following Detailed Description will proceed
with reference being made to illustrative embodiments,
many alternatives, modifications, and varations thereof will
be apparent to those skilled in the art. Accordingly, it 1s
intended that the claimed subject matter be viewed broadly,
and be defined only as set forth 1n the accompanying claims.
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2
DETAILED DESCRIPTION

FIG. 1 illustrates a system embodiment 100. As shown 1n
FIG. 1, system embodiment 100 may comprise test input
generator circuitry 102, integrated circuit 160, and test
output analyzer circuitry 110. As used herein, an “integrated
circuit” means a semiconductor device and/or microelec-
tronic device, such as, for example, a semiconductor inte-
grated circuit chip. Integrated circuit 160 may comprise test
stimulus generator circuitry 104, scan circuitry 106, and test
output compactor circuitry 108. Test stimulus generator
circuitry 104 may comprise stimulus signal set generator
circuitry 200. Scan circuitry 106 may comprise one or more,
and 1n this embodiment, a plurality of test scan chains 120a,
1205, . . . 120n. Scan chains 120a, 12054, . . . 120% and/or
scan circuitry 106 may comply and/or be compatible with,
for example, “Standard Test Access Port and Boundary-Scan
Architecture,” IEEE Std. 1149.1-1990, published 1990,
available from Institute of Electrical and Electronics Engi-
neers, Inc., New York, N.Y., United States of America.
Although not shown 1n the Figures, scan chains 120a, 1205,
... 1207 and/or scan chain circuitry 106 may be coupled to
circuitry 1n integrated circuit 160 whose functionality and/or
operation 1s intended to undergo testing by scan chains 120aq,
1205, . . . 1202 and/or scan chain circuitry 106.

Test input generator circuitry 102 may be coupled to test
stimulus generator circuitry 104 via one or more, and in this
embodiment, a plurality of external input terminals and/or
signal lines (collectively or singly referred to hereinafter as
“mmput terminals 114a, 1145b, . . . and/or 114m”) that may be
comprised 1n mtegrated circuit 160. In operation, circuitry
102 may supply to circuitry 104 a test input signal set
(collectively referred to by numeral 112 1n FIG. 1) via one
or more of mput terminals 114a, 1145, . . . 114m. System 100
may be a synchronous system. Input signal set 112 may
comprise one or more, and 1n this embodiment, a plurality of
input signals that maybe mput, during respective clock
periods of system 100, to circuitry 104 via respective input
terminals 114a, 1145, . . . 114m. For example, during one
such respective clock period, mput signals 112a, 1125, . . .
112 may be provided, as mput, to circuitry 104 via
respective mput terminals 114a, 1145, . . . 114m.

In response to and/or based upon, at least 1n part, input
signal set 112, circuitry 200 may generate, as output, stimu-
lus signal set 116. Depending upon one or more control
signals 130 supplied to circuitry 104 by circuitry 102, the
respective stimulus signals comprised 1n stimulus signal set
116 may be supplied, as input, to respective scan chains
120a, 1205, . . . 120% 1n circuitry 106, via respective signal
lines 118a, 118H, . . . 118x. For example, 1n response to
and/or based upon, at least in part, input signals 112a, 1125,
... 112m, circuitry 200 may generate, as respective outputs,
stimulus signals 116a, 1165, . . . 116% that may be supplied,
as mputs, to respective scan chains 120a, 1205, . . . 120n via
respective signal lines 118a, 1185, . . . 118n.

In this embodiment, 1n response to and/or based upon, at
least 1n part, stimulus signal set 116, scan circuitry 106 may
generate, as outputs, a plurality of output signals 122. Output
signals 122 may correspond to, represent, comprise, and/or
embody the results of scan testing of circuitry in integrated
circuit 160 by scan chains 120q, 12056, . . . 1207z. Output
signals 122 may be supplied, as inputs, to test output
compactor circuitry 108 via signal lines 124q, 1245, . . .
124%. For example, 1n this embodiment, 1n response and/or
based upon, at least 1n part, stimulus signals 1164, 1165, . .
. 1161, respective scan chains 120q, 1205, . . . 1202 may
generate, as respective outputs, output signals 122a, 1225, .
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. . 122» that may be supplied, as inputs, to circuitry 108 via
respective signal lines 124a, 1245, . . . 124n.

In response to and/or based upon, at least in part, output
signals 122, circuitry 108 may generate, as outputs, a
plurality of output signals 126 that may be supplied, as
iputs, to test analyzer circuitry 110. Circuitry 108 may
comprise a linear network including combinational or
sequential logic that may be substantially in accordance
with, e.g., the teachings of co-pending U.S. patent applica-
tion Ser. No. 10/107,628, entitled “Compacting Circuit
Responses,” filed Mar. 27, 2002, and assigned to the
Assignee of the subject application. Of course, without
departing from this embodiment, circuitry 108 may com-
prise other and/or different types of circuitry. Indeed, many
modification and variations of the circuitry described 1n said
co-pending U.S. patent application are within the purview of
those skilled 1n art, and may be used without departing from
this embodiment. In accordance with one embodiment,
output signals 126 may be representative of output signals
122, but the number of output signals 126 generated by
circuitry 108 in response to and/or based upon, at least 1n
part, output signals 122, may be significantly less than the
number of scan chains 120aq, 1205, . . . 120% or the number
of output signals 122. For example, in this embodiment, 1n
response to and/or based upon output signals 122a, 1225, .
.. 122n, compactor circuitry 108 may generate and supply
to test output analyzer circuitry 110 respective output signals
126a, 1265, . . . 126k comprised 1n output signals 126 via
output signal lines 128a, 1285, . . . 1284, respectively.

Test analyzer circuitry 110 may compare output signals
126 to predetermined, expected output signals, generated,
for example, based at least 1n part upon computer simula-
tions of expected operation of system 100. Based at least in
part upon this comparison, test analyzer circuitry 110 may
determine whether circuitry 1n integrated circuit 160 that 1s
intended to be tested by scan chains 120a, 12056, . . . 120%
1s Tunctioning properly and/or as expected. Input signal set
112 generated by circuitry 102 may be predetermined and/or
empirically determined, for example, based at least in part
upon computer simulations of expected operation of system
100, so as to permit output signals 126 to be deterministi-
cally generated by circuitry 108 and representative of
whether circuitry 1n integrated circuit 160 that 1s intended to
be tested by scan chains 120a, 1205, . . . 120 1s functioning
properly and/or as expected.

In this embodiment, during operation of system 100,
circuitry 102 also may provide to circuitry 104 one or more
control signals 130 via one or more control signal terminals
and/or lines (collectively or singly referred to hereinafter as
“control signal terminal 1527"). By so supplying one or more
control signals 130 to circuitry 104, circuitry 102 may select
which of the mput signals 1n set 112 may be supplied, as
input, to circuitry 200, and which of the mput signals 1n set
112 may be directly supplied, via, for example, a respective
signal line 1n circuitry 104, to a respective associated scan
chain in circuitry 106. For example, by supplying one or
more appropriate control signals 130 to circuitry 104, cir-
cuitry 102 may command that input terminal 114 1s
directly coupled to 1input signal line 118% via signal line 134.
This may result in input terminal 114w being coupled to
signal line 1187, one of the output signal lines of circuitry
200 being de-coupled from signal line 118, and input signal
112m being directly supplied, as 1mput, to scan chain 120z.
Also for example, alternatively, by supplying one or more
appropriate control signals 130 to circuitry 104 via control
signal terminal 152, circuitry 102 may select that all of the
input signals 1n set 112 may be supplied, as input, to circuitry
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4

200. This may result 1n each of the output signal lines of
circuitry 200 being coupled to respective signal lines 118a,
1185, . . . 118n, such that respective outputs generated by
circuitry 200 may be propagated via respective signal lines
of circuitry 200 to respective signal lines 118a, 1185, . . .

118x.

Also 1 this embodiment, during operation of system 100,
circuitry 104 also may provide to circuitry 106 one or more
control signals 132. By so supplying one or more control
signals 132 to circuitry 106, circuitry 104 may select which
of the scan chains 120a, 1205, . . . 1202 may be coupled
together to form relatively larger scan chains (e.g., relative
to one or more relatively smaller scan chains 1n circuitry
106). For example, by supplying one or more appropriate
control signals 132 to circuitry 106, circuitry 104 may
command that scan chain 120a 1s coupled to scan chain
12056, via, e.g., connection 150, to form a relatively larger
scan chain that 1s larger than relatively smaller scan chain
1207. This may result 1n the output of scan chain 120a being
so coupled to the input of scan chain 1205, signal line 1185
being de-coupled from scan chain 1206, and signal line 124a
being de-coupled from scan chain 120aq. After scan chain
120a and scan chain 12056 are so coupled together to form
the relatively longer scan chain, circuitry 104 may supply to
the mput of this relatively longer scan chain one or more
stimulus signals (e.g., stimulus signal 116a). One or more
control signals 132 may be generated by circuitry 104 1n
response to and/or based upon, at least 1n part, e.g., one or
more commands 130 from circuitry 102.

Without departing from this embodiment, instead of being,
comprised in integrated circuit 160, circuitry 104, 106,
and/or 108 may be comprised 1n one or more other types of
clectronic devices, such as, for example, one or more circuit
boards, circuit panels, and/or multi-chip modules. In this
alternate arrangement, scan circuitry 106 may be used to test
circuitry comprised in such one or more circuit boards,
circuit panels, and/or multi-chip modules.

In this embodiment, the number of input signals 1124,
1125, . . . 112» comprised 1n input signal set 112 may be
significantly less than the number of scan chains 120a, 1205,
.. . 120% comprised in circuitry 106, the number of output
signals 122q, 1225, . . . 122» comprised i output signals
122, or the number of stimulus signals 116a, 1165, . . . 116%
comprised in stimulus signal set 116. Also 1n this embodi-
ment, the number of stimulus signals 116a, 1165, . . . 116x
comprised 1n stimulus signal set 116 may be equal to the
number of scan chains 120a, 12056, . . . 1207, and also may
be equal to the number of output signals 122a, 1225, . . .
1227 comprised in output signals 122. The number of output
signals 126a, 1265, . . . 1264 comprised 1n output signals 126
may be different from, or the same as, the number of input
signals 112a, 1125, . . . 112m comprised 1n input signal set
112. For example, 1n this embodiment, 11 the number of scan
chains 120a, 1205, . . . 1202 comprised in circuitry 106 1s
equal to the number n, and the number of 1nput signals 112a,
11256, . . . 112m comprised 1n 1nput signal set 112 1s equal to
the number m, then the number n may be less than or equal
to 2"~ Each respective input comprised in input signal set
112, cach respective stimulus signal comprised in stimulus
signal set 116, each respective signal comprised 1n plurality
of signals 122, and each respective signal comprised 1n
plurality of signals 126 may encode a single respective bit
value. Of course, the respective numbers and respective
types of mput signals comprised in mnput signal set 112,
stimulus signals comprised 1n stimulus signal set 116, output
signals comprised 1n output signals 122, and output signals
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comprised in output signals 126 may vary from what 1is
shown 1n the Figures and described herein without departing
from this embodiment.

In this embodiment, circuitry 200 may generate each
respective stimulus signal comprised 1n stimulus signal set
116 based, at least 1n part, upon a respective non-null subset
of mnput signal set 112. As used herein, a “non-null” set or
“non-null” subset means a “non-empty” set or “non-empty”
subset, respectively. Also in this embodiment, no two
respective stimulus signals comprised 1n stimulus signal set
116 may be generated based upon the same respective
non-null subset of input signal set 112. One or more respec-
tive stimulus signals 1n stimulus signal set 116 may be
generated based at least i part upon a result of a respective
logical exclusive-or of two or more respective mput signals
in put signal set 112.

For example, for purposes of illustration, FIG. 2 illus-
trates an example arrangement 202 1n which, during each
respective clock cycle of system 100, circuitry 200 may
receive three respective input signals comprised 1n input
signal set 112, and based at least 1n part upon these received
input signals, circuitry 200 may generate and supply, as
iputs, to six respective scan chains in circuitry 106 six
respective stimulus signals comprised 1n stimulus signal set
116. For example, 1n this embodiment, during a particular
clock cycle of system 100, circuitry 200 may receive input
signals 202a, 2025, and 202¢ that may be comprised 1n input
signal set 112. Based, at least in part, upon mput signals
202a, 202b, and 202¢, circuitry 200 may generate six
stimulus signals 204a, 2045, 204¢, 204d, 204e, and 204f. For
example, 1n this embodiment, stimulus signals 204a, 2045,
and 204¢ may be 1dentical to mput signals 202a, 2025, and
202c¢, respectively. Stimulus signal 2044 may be generated,
as output, by exclusive-or gate 210, and may be, for
example, the result of a logical exclusive-or operation per-
tformed by gate 210 using, as inputs, iput signals 202a and
202bH. Stimulus signal 204e may be generated, as output, by
exclusive-or gate 212, and may be, for example, the result of
a logical exclusive-or operation performed by gate 212
using, as inputs, put signals 202a and 202¢. Stimulus
signal 204f may be generated, as output, by exclusive-or
gate 214, and may be, for example, the result of a logical
exclusive-or operation performed by gate 214 using, as
inputs, iput signals 20256 and 202c.

Thus, as can be seen from this 1llustrative example, 1n this
embodiment, circuitry 200 may generate, as respective out-
puts, respective stimulus signals 204a, 2045, 204¢, 2044,
204¢, and 204/ that may be comprised in stimulus signal set
116. Also in this embodiment, circuitry 200 may generate
signals 204a, 20456, 204c¢, 2044, 204¢, and 204/ comprised 1n
stimulus signal set 116, based at least 1n part, upon respec-
tive subsets of mput signals 202a, 2025, and 202¢ 1n input
signal set 112. Additionally, in this embodiment, stimulus
signals 204a, 204b, 204c, 204d, 204e, and 204/ may be
supplied, as inputs, to respective scan chains 1n scan Cir-
cuitry 106. In accordance with conventional scan test tech-
niques, this may result 1n these scan chains exchanging data
and/or commands with circuitry 1n integrated circuit 160 that
1s intended to be tested by scan circuitry 106, and also may
result 1n these scan chains forwarding to compactor circuitry
108 one or more signals comprised 1n plurality of signals
122. Circuitry 108 may process signals 122 in the manner
described previously.

The construction and operation of circuitry 200 described
above 1s merely illustrative, and many alternatives, varia-
tions, and modifications are possible without departing from
this embodiment. For example, although circuitry 200 has

10

15

20

25

30

35

40

45

50

55

60

65

6

been described above as comprising hard-wired logic that
may generate stimulus signal set 116 based at least in part
upon imput signal set 112, additionally or alternatively,
circuitry 200 may comprise programmable circuitry (not
shown). This programmable circuitry may comprise, €.g.,
one or more processors and/or state machines (not shown)
that may execute one or more sets of machine-executable
program 1nstructions stored in one or more machine-read-
able memories (not shown) and/or one or more machine-
readable media. The execution of these one or more sets of
machine-executable program instructions by these one or
more processors and/or state machines may result in these
one or more processors and/or state machines generating
stimulus signal set 116 based at least in part upon input
signal set 112, and also may result in these one or more
processors and/or state machines supplying stimulus signal
set 116 to scan circuitry 106.

Also, depending upon the respective numbers of 1nput
signals 1n set 112, stimulus signals 1n set 116, and a specified
number of testability bits (whose purpose 1s described
below), the construction and operation of circuitry 200 may
vary from that shown 1n FIG. 2 and described previously.
For purposes of illustrating variations in the construction
and operation of circuitry 200 that may be possible without
departing from this embodiment, a matrix 300 1s 1llustrated
in FIG. 3.

Matrix 300 may comprise one or more, and in this
embodiment, a plurality of rows. Matrix 300 also may
comprise one or more, and 1n this embodiment, a plurality of
columns. Matrix 300 1s populated with a plurality of binary
values. These binary values may represent, correspond to,
and/or describe, at least 1n part, the construction and/or
operation of circuitry 200. For example, 1n this embodiment,
the number of stimulus signals generated by circuitry 200 1s
equal to the number of columns of matrix 300, and the
number of mput signals based upon which circuitry 200 may
generate these stimulus signals 1s equal to the number of
rows of matrix 300. Also 1n this embodiment, each column
in matrix 300 corresponds to and/or represents a respective
stimulus signal 1 set 116 generated by circuitry 200, and
cach row in matrix 300 corresponds to and/or represents a
respective iput signal in set 112 received by circuitry 200.
An entry 1 row X and column y of matrix 300 may be
assigned a value of 1 if circuitry 200 generates the y-th
stimulus signal generated by circuitry 200 based, at least 1n
part, upon the x-th input signal 1n set 112 received by
circuitry 200. In this embodiment, if two or more entries 1n
the y-th column 1n matrix 300 are assigned values of 1, then
this indicates that the y-th stimulus signal output generated
by circuitry 200 1s generated based upon logical exclusive-or
of respective iput signals that correspond to non-zero
entries 1n the y-th column of matrix 300.

Depending upon, for example, specified number of test-
ability bits associated with circuitry 200, further constraints
may be imposed upon the values that may populate the
entries of matrix 300. As used herein, the “specified number
of testability bits” may be a positive integer value that may
define a number of scan chains that, 1n order to permit
desired testing of the integrated circuit 160 to be carried out,
1s required to be supplied with predetermined, specified
stimulus signals during testing of the integrated circuit 160;
heremnafter this specified number of testability bits may be
signified by the letter “S.” For example, in system 100, 1f
S=1, then only one scan chain in system 100 needs to be
supplied with predetermined, specified stimulus signals 1n
order to permit desired testing of integrated circuit 160 to be
carried out, and any other scan chains 1n system 100 may be
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supplied with randomly generated values without undesir-
ably aflecting the testing of integrated circuit 160. Con-
versely, if, 1n system 100, S=2, then two respective scan
chains need to be supplied with predetermined, specified
stimulus signals 1 order to permit desired testing of inte-
grated circuit 160 to be carried out, and any other scan
chains 1 system 100 may be supplied with randomly
generated values without undesirably aflecting the testing of
integrated circuit 160, and so forth, for each possible value
of S. Depending upon the value of S that 1s desired,
constraints may be imposed on the construction and opera-
tion of circuitry 200, as well as, the corresponding values
that may populate the matrix that may correspond to and/or
represent corresponding features in circuitry 200. These
constraints may ensure that the stimulus signals generated
by circuitry 200 may result in circuitry 200 being properly
associated with the desired value of S.

For example, 1f S 1s desired to be equal to 1, then all of
the stimulus signals generated by circuitry 200 may be
generated based, at least 1n part, upon a single input signal
in set 112, and all columns of the matrix that may correspond
to and/or represent circuitry 200 may be non-zero. Con-
versely, 11, as 1s the case for the embodiment of circuitry 200
shown 1 FIG. 2, S 1s desired to be equal to 2, then the
number of stimulus signals 1n set 116 that may be generated
by circuitry 200 based at least 1n part upon input signal set
112, may be equal to n, n may be less than or equal to 27"
(where, as noted above, m 1s the number of 1input signals 1n
set 112 received by circuitry 200), and each respective
column in matrix 300 may comprise at least one non-zero
entry, and no two respective columns in matrix 300 may be
identical. Further conversely, 11 S 1s desired to be equal to 3,
then the number of mput signals m in set 112 received by
circuitry 200 may be greater than or equal to 1+log, n, each
respective column 1n matrix 300 may comprise at least one
non-zero entry, no two respective columns i matrix 300
may be 1dentical, and each respective column may comprise
an 1dentical respective odd number of non-zero entries.
Thus, 1t S 1s desired to be equal to 3, each respective
non-null subset of mmput signal set 112 upon which each
respective stimulus signal comprised 1n the stimulus signal
set 116 may be based, at least in part, may include a
respective odd number of input signals of the input signal set
112.

If S 15 desired to be greater than 3, then the scan chains
in circuitry 106 may be divided into a plurality of scan chain
clusters of number N. Each of these scan chain clusters may
comprise respective scan chains of number C, where C 1s a
positive integer greater than 1.

Depending upon, for example, specified number of scan
chain cluster testability bits associated with circuitry 200,
turther constraints may be imposed upon the values that may
populate the entries of matrix 300. As used herein, the
“specified number of scan chain testability bits” may be a
positive integer value that may define a number of scan
chain clusters that, 1n order to permit desired testing of the
integrated circuit 160 to be carried out, 1s required to be
supplied with predetermined, specified stimulus signals dur-
ing testing ol the integrated circuit 160; hereinafter this
specified number of scan chain testability bits may be
signified by the letter “M.” For example, 1n system 100, 11
M=1, then only one scan chain cluster in system 100 needs
to be supplied with predetermined, specified stimulus sig-
nals i order to permit desired testing of integrated circuit
160 to be carried out, and any other scan chain cluster in
system 100 may be supplied with randomly generated values
without undesirably effecting the testing of integrated circuit
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160. Conversely, 11, 1n system 100, M=2, then two respective
scan chain clusters need to be supplied with predetermined,
specified stimulus signals 1n order to permit desired testing
of integrated circuit 160 to be carried out, and any other scan
chain clusters 1n system 100 may be supplied with randomly
generated values without undesirably effecting the testing of
integrated circuit 160, and so forth, for each possible value
of M.

Depending upon the value of M that 1s desired, constraints
may be mmposed on the construction and operation of
circuitry 200, as well as, the corresponding values that may
populate the matrix that may correspond to and/or represent
corresponding features in circuitry 200. These constraints
may ensure that the stimulus signals generated by circuitry
200 may result 1n 1integrated circuit 160 undergoing desired
testing, given the value of M. If 1t 1s desired that S be greater
than 3, then the number of input signals 1 set 112 that may
be supplied to generator circuitry 200 may be equal to M
multiplied by C. Matrix 300 may be determined empirically
so as to ensure that the desired values of N, C, and M are
satisfied, using, for example, well known Bose, Chaudhuri,
and Hocquenghem (BCH) and Reed Solomon error correc-
tion and detection code techniques. For example, the stimu-
lus signal set may be divided into non-null stimulus signal
subsets, and the respective non-null subset of the input
signal set upon which each respective stimulus signal 1n
cach respective non-null stimulus signal subset 1s based, at
least 1n part, may selected using, at least in part, one or more
error correction and detection code techniques selected from
Bose, Chaudhuri, and Hocquenghem and Reed Solomon
error correction and detection code techmques.

Alternatively or additionally, brute-force methods may be
used to empirically determine matrix 300 so as to ensure that
the desired values of N, C, and M are satisfied, and also so
that any group of S columns 1n matrix are linearly indepen-
dent. Of course, the foregoing techniques for determining
matrix 300 are presented for purposes of illustration and are
not exclusive, and other techniques may be employed to
determine matrix 300 without departing from this embodi-
ment.

Turning now to FIG. 4, operations 400 that may be carried
out 1 system 100 1n order to facilitate and/or carry out
testing of integrated circuit 160, in accordance with one
embodiment, will be described. Operations 400 may com-
mence with generation and supplying of input signal set 112
to test stimulus generator circuitry 104 by test mput gen-
erator circuitry 102, as illustrated by operation 402 1n FIG.
4. Thereafter, 1n response to and/or based, at least 1n part,
upon input signal set 112, circuitry 104 may generate
stimulus signal set 116, and may supply stimulus signal set
116 to scan circuitry 106, as illustrated by operation 404.
Thereatter, 1n response to and/or based, at least 1n part, upon
stimulus signal set 116, scan circuitry 106 may generate and
supply a plurality of output signals 122 to test output
compactor circuitry 108, as illustrated by operation 406 1n
FIG. 4. In response to and/or based, at least in part, upon
output signals 122, test output compactor circuitry 108 may
generate and supply to test analyzer circuitry 110 another
plurality of output signals 126, as illustrated by operation
408. Test analyzer circuitry 110 may determine, for example,
based at least in part upon output signals 126 whether
circuitry 1n mntegrated circuit 160 that is intended to be tested
by scan circuitry 106 1s functioning properly. For example,
test analyzer circuitry 110 may compare output signals 126
to predetermined expected output signals. Based at least in
part upon such comparison, circuitry 110 may determine
whether one more errors (e.g., diflerences between output
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signals 126 and the predetermined expected output signals)
may be present 1n the output signals 126 that may evidence
one or more malfunctions 1n integrated circuit 160 and/or the
types and/or nature of such malfunctions.

In summary, one system embodiment may comprise, for
example, an mtegrated circuit comprising first circuitry and
second circuitry. The first circuitry may be capable of
generating a stimulus signal set to be supplied, as mput, to
the second circuitry. Each respective stimulus signal com-
prised 1n the stimulus signal set may be generated based at
least 1n part upon a respective non-null subset of an 1mput
signal set. No two respective stimulus signals comprised 1n
the stimulus signal set may be generated based upon the
same respective non-null subset of the mput signal set. The
stimulus signal set may comprise a respective number of
stimulus signals that 1s greater than a respective number of
iput signals comprised 1n the mput signal set.

Advantageously, these features of this system embodi-
ment may permit the time consumed by, and the volume of
test input data supplied to the integrated circuit during the
testing of circuitry in the integrated circuit in this system
embodiment to be greatly reduced compared to the prior art.
Additionally, 1n this system embodiment, the number of
input and/or output terminals of the integrated circuit
involved in carrying out such testing may be reduced
compared to the prior art. Further advantageously, in this
system embodiment relatively inexpensive test input gen-
erator and test analyzer circuitry may be employed.

The terms and expressions which have been employed
herein are used as terms of description and not of limitation,
and there 1s no intention, in the use of such terms and
expressions, of excluding any equivalents of the features
shown and described (or portions thereot), and 1t 1s recog-
nized that various modifications are possible within the
scope of the claims.

For example, depending upon the circuitry in integrated
circuit 160 that 1s intended to be tested by a given scan chain
(e.g., scan chain 120#), 1n order to permit desired testing of
such circuitry 1n integrated circuit 160 to be carried out, 1t
may be necessary to supply a relatively greater number of
predetermined, specified stimulus signals to the given scan
chain. In this situation, circuitry 102 may supply one or more
control signals 130 to circuitry 104 that may result in 1input
terminal 114 being directly coupled via signal line 134 to
signal line 118m. This may result 1n scan chain 1202 being
directly coupled to circuitry 102 such that, for example, a
plurality of mput signals supplied to circuitry 104 from
circuitry 102 via input terminal 114 may by-pass circuitry
200, and 1nstead, may be supplied directly as inputs to scan
chain 1207. The number of such mput signals that may be so
supplied to scan chain 1202 may be calculated, using
well-known testing and error correction and detection tech-
niques, so as to ensure that a desired minimum number of
errors that may be present 1n output signals from scan chain
12072 may be detectable (e.g., by circuitry 110).

Many other modifications are also possible. Accordingly,
the claims are intended to cover all such equivalents.

What 1s claimed 1s:

1. A method comprising:

generating a stimulus signal set to be supplied, as input,

to circuitry, each respective stimulus signal comprised
in the stimulus signal set being generated based at least
in part upon a respective non-null subset of an 1nput
signal set, no two respective stimulus signals com-
prised 1n the stimulus signal set being generated based
upon the same respective non-null subset of the input
signal set, the stimulus signal set comprising a respec-
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tive number of stimulus signals that 1s greater than a
respective number of iput signals comprised in the
input signal set.

2. The method of claim 1, wherein:

one or more respective stimulus signals comprised 1n the
stimulus signal set are generated based at least in part
upon a result of a respective exclusive-or of two or
more respective mput signals comprised in the input
signal set.

3. The method of claim 1, wherein:

the circuitry comprises a plurality of scan chains, and each
of the scan chains 1s coupled to one respective stimulus
signal comprised 1n the stimulus signal set.

4. The method of claim 3, wherein:

the plurality of scan chains comprises a respective number
n of scan chains, and the number n 1s less than or equal
to 27~', where m is equal to the respective number of

input signals comprised in the imput signal set.
5. The method of claim 1, wherein:

cach respective non-null subset upon which each respec-
tive stimulus signal comprised 1n the stimulus signal set
1s based, at least in part, includes a respective odd
number of input signals of the mput signal set.

6. The method of claim 1, wherein:

cach respective non-null subset upon which each respec-
tive stimulus signal comprised 1n the stimulus signal set
1s based, at least in part, includes a respective odd and
equal number of input signals of the input signal set.

7. The method of claim 1, wherein:

an 1ntegrated circuit comprises the circuitry and also
comprises circuitry to generate, at least in part, the
stimulus signal set; and

circuitry external to the integrated circuit generates, at
least 1n part, the mnput signal set.

8. The method of claim 1, further comprising:

dividing the stimulus signal set into non-null stimulus
signal subsets; and

selecting the respective non-null subset of the input signal
set upon which each respective stimulus signal in each
respective non-null stimulus signal subset 1s based, at
least 1n part, the selecting of the respective non-null
subset of the iput signal comprising using, at least 1n
part, one or more error correction and detection code
techniques selected from Bose, Chaudhuri, and Hoc-
quenghem and Reed Solomon error correction and
detection code techniques.

9. An apparatus comprising:

first circuitry to generate a stimulus signal set to be
supplied, as mput, to second circuitry, each respective
stimulus signal comprised in the stimulus signal set
being generated based at least 1n part upon a respective
non-null subset of an 1nput signal set, no two respective
stimulus signals comprised in the stimulus signal set
being generated based upon the same respective non-
null subset of the mput signal set, the stimulus signal
set comprising a respective number of stimulus signals
that 1s greater than a respective number of input signals
comprised in the mput signal set.

10. The apparatus of claim 9, wherein:

the first circuitry i1s capable of generating one or more
respective stimulus signals comprised in the stimulus
signal set based at least in part upon a result of a
respective exclusive-or of two or more respective input
signals comprised 1n the mput signal set.
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11. The apparatus of claim 9, wherein:

the second circuitry comprises a plurality of scan chains,
and each of the scan chains 1s coupled to one respective
stimulus signal comprised in the stimulus signal set.

12. The apparatus of claim 11, wherein:

the plurality of scan chains comprises a respective number
n of scan chains, and the number n 1s less than or equal
to 27" , where m is equal to the respective number of
input signals comprised 1n the iput signal set.

13. The apparatus of claim 9, wherein:

cach respective non-null subset upon which each respec-
tive stimulus signal comprised 1n the stimulus signal set
1s based, at least in part, includes a respective odd
number of 1nput signals of the input signal set.

14. The apparatus of claim 9, wherein:

cach respective non-null subset upon which each respec-
tive stimulus signal comprised 1n the stimulus signal set
1s based, at least in part, includes a respective odd and
equal number of input signals of the input signal set.

15. The apparatus of claim 9, further comprising:

an tegrated circuit that comprises the first circuitry and
the second circuitry; and

third circuitry external to the integrated circuit to gener-
ate, at least in part, the input signal set.

16. The apparatus of claim 9, wherein:

the stimulus signal set 1s divided into non-null stimulus
signal subsets; and

the respective non-null subset of the iput signal set upon
which each respective stimulus signal in each respec-
tive non-null stimulus signal subset 1s based, at least in
part, 1s selected using, at least 1n part, one or more error
correction and detection code techniques selected from
Bose, Chaudhuri, and Hocquenghem and Reed
Solomon error correction and detection code tech-
niques.

17. An article comprising;:
a storage medium having stored thereon instructions that
when executed by a machine result 1n the following:
generating a stimulus signal set to be supplied, as input,
to circuitry, each respective stimulus signal comprised
in the stimulus signal set being generated based at least
in part upon a respective non-null subset of an input
signal set, no two respective stimulus signals com-
prised 1n the stimulus signal set being generated based
upon the same respective non-null subset of the input
signal set, the stimulus signal set comprising a respec-
tive number of stimulus signals that 1s greater than a
respective number of 1nput signals comprised in the
input signal set.

18. The article of claim 17, wherein:

one or more respective stimulus signals comprised 1n the
stimulus signal set are generated based at least in part
upon a result of a respective exclusive-or of two or
more respective mput signals comprised 1n the input
signal set.

19. The article of claim 17, wherein:

the circuitry comprises a plurality of scan chains, and each
of the scan chains 1s coupled to one respective stimulus
signal comprised 1n the stimulus signal set.

20. The article of claim 19, wherein:

the plurality of scan chains comprises a respective number
n of scan chains, and the number n 1s less than or equal
to 2™~ , where m is equal to the respective number of
input signals comprised 1n the iput signal set.

21. The article of claim 17, wherein:

cach respective non-null subset upon which each respec-
tive stimulus signal comprised 1n the stimulus signal set
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1s based, at least in part, includes a respective odd
number of 1nput signals of the input signal set.

22. The article of claim 17, wherein:
cach respective non-null subset upon which each respec-
tive stimulus signal comprised 1n the stimulus signal set

1s based, at least in part, includes a respective odd and
equal number of 1nput signals of the input signal set.

23. The article of claim 17, wherein:

an integrated circuit comprises the circuitry and also
comprises circuitry to generate, at least in part, the

stimulus signal set; and

circuitry external to the integrated circuit generates, at
least 1n part, the mput signal set.

24. The article of claim 17, wherein:

the stimulus signal set 1s divided 1nto non-null stimulus
signal subsets; and

the respective non-null subset of the mput signal set upon
which each respective stimulus signal 1n each respec-
tive non-null stimulus signal subset 1s based, at least in
part, 1s selected using, at least 1n part, one or more error
correction and detection code techniques selected from
Bose, Chaudhuri, and Hocquenghem and Reed
Solomon error correction and detection code tech-
niques.

25. A system comprising:

an mtegrated circuit comprising first circuitry and second
circuitry, the first circuitry being capable of generating
a stimulus signal set to be supplied, as mput, to the
second circuitry, each respective stimulus signal com-
prised 1n the stimulus signal set being generated based
at least 1n part upon a respective non-null subset of an
input signal set, no two respective stimulus signals
comprised 1n the stimulus signal set being generated
based upon the same respective non-null subset of the
iput signal set, the stimulus signal set comprising a
respective number of stimulus signals that 1s greater
than a respective number of input signals comprised in
the mput signal set.

26. The system of claim 25, further comprising:

third circuitry to receive a first plurality of outputs from
the second circuitry, the second circuitry being capable
of generating the first plurality of outputs 1n response at
least 1n part to the stimulus signal set, the third circuitry
being capable of generating a second plurality of out-
puts 1n response at least 1n part to the first plurality of
outputs, the first plurality of outputs comprising a
respective number ol outputs that i1s greater than a
respective number of outputs comprised 1n the second
plurality of outputs.

277. The system of claim 26, wherein:
the mtegrated circuit comprises the third circuitry.
28. The system of claim 26, further comprising:

test input generator circuitry to generate and supply to the
first circuitry the mput signal set, the test mput gen-
erator circuitry being external to the integrated circuit.

29. The system of claim 26, further comprising:

test analyzer circuitry to receive the second plurality of
outputs.

30. The system of claim 25, wherein:

the first circuitry also 1s capable of recerving one or more
control signals; and

in response at least 1n part to the one or more control

signals, the first circuitry 1s capable of directly coupling,
the second circuitry to one or more external terminals

of the integrated circuat.
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31. The system of claim 30, wherein:

the second circuitry comprises a plurality of scan chains;

the first circuitry 1s capable of supplying the stimulus
signal set to the scan chains;

the one or more control signals indicate, at least 1n part,
which of the scan chains are to be directly coupled by
the first circuitry to the one or more external terminals;
and

in response at least 1n part to the one or more control
signals, the first circuitry 1s capable of directly coupling
one or more of the scan chains indicated, at least 1n part,
by the one or more control signals to the one or more

external terminals.

10
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32. The system of claim 25, wherein:
the second circuitry comprises a plurality of scan chains;
in response at least 1n part to one or more control signals,

the second circuitry 1s capable of coupling together at
least two of the scan chains to form at least one
relatively longer scan chain relative to at least one
relatively shorter scan chain; and

the first circuitry 1s capable of supplying to the at least one
relatively longer scan chain and the at least one rela-

tively shorter scan chain respective stimulus signals
comprised in the stimulus signal set.
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